New inotropic concepts: rationale for and differences between calcium sensitizers and phosphodiesterase inhibitors.
Positive inotropic compounds may be harmful in the long-term treatment of chronic congestive heart failure because they may induce a calcium overload, unwanted changes in cross-bridge kinetics and an acceleration in heart rate. As a result of all three alterations, energy consumption would be increased. Different pharmacological modes of action may have different effects on the molecular mechanisms underlying the positive inotropic effect, and hence on myocardial energy consumption. Therefore, we studied the effects of a variety of cardiotonic agents on the heat released from small guinea pig papillary muscles contracting isometrically at an experimental temperature of 21 degrees C and a stimulation frequency of 12 per minute using rapid antimony-bismuth thermopiles. We were able to define the economy of muscle contraction, which was lowest with phosphodiesterase inhibitors and highest with calcium sensitizers. Compared with an increase in extracellular calcium concentration, beta 1-adrenoceptor stimulators and phosphodiesterase inhibitors profoundly decrease the economy of myocardial contraction, and calcium-sensitizers (pimobendan and EMD-53998) slightly increase myocardial economy, whereas ouabain and the calcium channel agonist BAY K 8644 have no effect on this parameter. In addition, we provide evidence that acceleration of heart rate may be harmful not only from an energetic point of view: an increase in heart rate may also decrease the contractility of the failing human myocardium (inverse force-frequency relationship). Taking these observations into consideration, an "optimal' positive inotropic compound should have no, or even negative, chronotropic effects, should not be mediated by increases in calcium transients, and should decelerate, rather than accelerate, cross-bridge kinetics.